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PMD-Insensitive CD Monitoring Based on RF Clock
Power Ratio Measurement With Optical Notch Filter
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Abstract—We propose and experimentally demonstrate
a chromatic-dispersion (CD) monitoring method based on
radio-frequency (RF) clock power ratio measurement in 38-Gb/s
nonreturn-to-zero differential quadrature phase-shift keying
(NRZ-DQPSK) and 57-Gb/s NRZ differential 8-level phase-shift
keying (D8PSK) systems. A narrowband fiber Bragg grating
(FBG) notch filter is centered at the optical carrier wavelength,
such that the RF clock power decreases with CD. On the other
hand, RF clock power increases with CD in the absence of the
notch filter. By using the RF power ratio of the filtered and nonfil-
tered signals, polarization-mode-dispersion (PMD) effects on RF
power ratio can be eliminated and CD measurement sensitivity
can be increased. The CDmonitoring range is 0 250 ps/nm in the
systems with a symbol rate of 19-Gsym/s. Moreover, the proposed
CD-monitoring method is not affected by received optical power.

Index Terms—Chromatic dispersion (CD), optical fiber commu-
nication, optical performance monitoring, polarization-mode dis-
persion (PMD).

I. INTRODUCTION

C HROMATIC dispersion (CD) has been considered as a
major factor limiting the transmission distance in high-

speed dense wavelength-division multiplexing (DWDM) sys-
tems. It may change with network reconfigurations and many
environmental conditions such as temperature. Besides, the ac-
curacy requirement for dispersion compensation is higher in the
systems with high bit rate. The tolerance residual dispersion (for
1 dB power penalty) is 40 ps/nm in 40-Gb/s differential quadra-
ture phase-shift keying (DQPSK) system. Hence, real-time CD
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monitoring has attracted a lot of interest and many techniques
have been reported on CD monitoring and compensation. The
pilot tone method [1], [2] was proposed to monitor CD value by
measuring phase difference between the upper and lower side-
bands of the subcarrier signal. However, the pilot tone could
interfere with the data and may cause power penalties. Eye di-
agram and delay tap sampling reveal the effect of CD [3], [4],
while it is still challenging to distinguish CD value in the pres-
ence of other impairments. CD induced radio frequency (RF)
clock fading was proposed on CD monitoring in [5], [6]. How-
ever, the measurement results are affected by the received op-
tical power and polarization mode dispersion (PMD). A PMD
insensitive CD monitoring technique based on power ratio of
two added pilot RF tones was reported [7]. This method requires
modification of the transmitter, and the added RF tones may de-
grade the quality of data.
In this letter, we propose and demonstrate a technique on

PMD-insensitive CD monitoring for nonreturn-to-zero (NRZ)
phase-modulated signals. It is experimentally shown that the
proposed method is efficient for measuring residual CD in
38-Gb/s NRZ DQPSK and 57-Gb/s NRZ differential 8-level
phase-shift keying (D8PSK) systems. By using the power
ratio of RF clock tone in two branches (one without filter, the
other one is filtered by a fiber Bragg grating (FBG) notch filter
centered at optical carrier wavelength), PMD effects are elim-
inated and the average measurement sensitivity is increased.
The simulation results show that CD measurement range is 0
250-ps/nm in 19 Gsym/s systems.

II. OPERATION PRINCIPLE

For NRZ signal, there is no RF clock tone after square-law
detection. This is due to the fact that the beat terms between the
two sidebands and carrier are out of phase. Chromatic dispersion
through the fiber link changes the phase difference between the
two sidebands, and induces RF regeneration for NRZ signals
[5]. It is found that RF clock power can be regenerated by fil-
tering out the carrier using a narrow band FBG notch filter. The
filtered NRZ signal is distorted by filtering and is converted to a
signal which is similar to return-to-zero (RZ) signal in the time
domain. Fig. 1 shows simulated RF spectra for 38-Gb/s NRZ
DQPSK and filtered NRZ DQPSK signals. In the back-to-back
case, NRZ signal has no clock while the filtered NRZ signal
has a regenerated clock at 19-GHz. This is because the carrier
as well as the optical components around carrier is filtered out
by FBG. The components around carrier are related to the low
RF frequency tones, which have long period in time domain.
Therefore, the waveform at clock frequency is dominant by fil-
tering out these low frequency components. After propagation
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Fig. 1. RF clock power changing under CD and PMD for 38-Gb/s NRZ
DQPSK and filtered NRZ DQPSK signals. CD ps/nm; PMD ps.

Fig. 2. System setup of CD monitoring utilizing FBG notch filter in an 8PSK
system. LD: laser diode; PM: phase modulator.

through fiber link, the accumulated CD induces distortion on
the signals. For the NRZ signal filtered by FBG, the RF clock
power decreases with CD, which is opposite to that without
filter. Therefore, the RF power ratio between the nonfiltered
and filtered signal increases with CD and has large dynamic
range, which results in better measurement sensitivity. On the
other hand, differential group delay (DGD) results in phase dif-
ference between the optical components at the two orthogonal
polarization states, which induces RF power fading through de-
structive interference. The fading effect is the same regardless
of whether notch filter is present or not. By taking the ratio of the
RF power without filtering to that filtered by FBG, PMD effects
can be eliminated. By using the power ratio RF clock tones as
CD monitoring signal, PMD-insensitive CD measurement can
be achieved.

III. SYSTEM SETUP

The experimental setup of PMD-insensitive CD monitoring
for NRZ-D8PSK signal is shown in Fig. 2. A tunable laser
at wavelength of 1550.2 nm is launched into a transmission
module. The modulators are driven by 19-Gb/s pseudo random
bit sequence (PRBS) data. 38-Gb/s NRZ-DQPSK signal is gen-
erated by an in-phase/quadrature (IQ) modulator and 57-Gb/s
NRZ-D8PSK signal can be achieved at the output of phase
modulator (PM). The generated signal passes through several
spans of single-mode fiber (SMF) with accumulated CD from
0 68 ps/nm. Two polarization beam splitters (PBSs) and a
tunable optical delay line are used as a first-order PMD emu-
lator. The monitoring scheme contains two branches. In one
branch, the signal is filtered by an FBG notch filter centered
at optical carrier wavelength. In the other branch, signal is
detected directly by a photodetector (40-GHz). RF spectrum

Fig. 3. The 38-Gb/s NRZ-DQPSK signal. (a) Optical spectrum filtered by FBG
filter; (b) relative RF clock power as a function of CD without filter (solid lines)
and with filter (dashed lines) under different DGD values; (c) relative RF clock
power ratio as a function of CD under different DGD values; (d) simulation of
effect of OSNR on relative RF power ratio.

analyzers are used to monitor the RF clock tone power. The
RF spectrum analyzers can be replaced by narrow bandpass
electrical filters and power meters, which are cost effective.

IV. RESULTS AND DISCUSSION

Fig. 3(a) shows measured optical spectrum (with resolution
of 0.01 nm) of a 38-Gb/s NRZ-DQPSK signal filtered by an
FBG notch filter. The received optical power is around 0-dBm.
The optical component at the carrier was filtered out by an FBG
notch filter with bandwidth of 0.06 nm and reflection of 15 dB.
Optical filtering induces distortion to the original signal. By
choosing an FBGwith optimal bandwidth and reflection, the RF
clock tone can be regenerated in the back-to-back case and de-
creases with accumulated CD when transmitting through fiber
links and optical components. Fig. 3(b) shows experimental re-
sults of relative RF clock tone power as a function of CD in
38-Gb/s NRZ-DQPSK system in the absence of filter as well as
under FBG filtering. Different DGD values (0, 10 and 20 ps)
were introduced by a first-order PMD emulator. When there is
no filtering, RF clock power increases with CD, which is due to
the chromatic dispersion induces phase difference between the
sidebands and the beating term is regenerated. It is observed that
DGD affects the clock tone power and may introduce errors on
CD measurement. When the signal is filtered by an FBG notch
filter placed at the carrier wavelength, the received clock power
decreases with both CD and DGD values. It is noted that the
PMD-induced RF power fading for the filtered and nonfiltered
signals are the same. Therefore, by taking the power ratio of
the two RF clocks, the DGD effects can be eliminated. Fig. 3(c)
shows the RF clock tone power ratio of nonfiltered and filtered
NRZ-DQPSK signal as a function of CD under different DGD
values. The RF clock power ratio increases with CD and is al-
most not affected by DGD. Compared with the methods using
RF clock tone as monitoring signal, PMD effect is eliminated
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Fig. 4. The 57-Gb/s NRZ-D8PSK signal. (a) Relative RF clock power as a
function of CD without filter (solid lines) and with filter (dashed lines) under
different DGD values; (b) relative RF clock power ratio as a function of CD
under different DGD values.

Fig. 5. The 38-Gb/s DQPSK signal and 57-Gb/s D8PSK signal. (a) RF clock
power ratio as a function of CD under different DGD values; (b) RF clock power
ratio change as a function of frequency detuning of FBG filter.

and measurement sensitivity is improved. Measurement sensi-
tivity is calculated as the dynamic range of RF power ratio over
CD measurement range. Moreover, as the ratio of RF power is
used as monitoring signal, the measurement results are not af-
fected by fluctuation of received optical power. However, if the
signal power is decreased to a small value (e.g., 20 dBm), the
dynamic range of RF power ratio will be limited by the sensi-
tivity of power meter. Fig. 3(d) shows simulated RF power ratio
as a function of CD under different optical signal-to-noise ratio
(OSNR) levels in 38 Gb/s DQPSK system. It is observed that
OSNR level does not affect the measurement results as long as
the signal OSNR is larger than 15 dB.
The proposed CD monitoring method is also applicable

on other modulation formats such as NRZ-D8PSK. Fig. 4(a)
shows the relative RF clock power as function of CD for
nonfiltered and filtered 57-Gb/s NRZ-D8PSK signals under
various DGDs. Fig. 4(b) shows the RF clock power ratio as
a function of CD under different DGD values. It is observed
that proposed method is efficient for PMD-insensitive CD
monitoring in NRZ-D8PSK system.
Fig.5(a) shows simulation results of RF clock power ratio

as a function of CD under different DGD values in 38-Gb/s
NRZ-DQPSK and 57-Gb/s NRZ-D8PSK systems. It is observed
that the CDmonitoring range is 0 250-ps/nm in both systems.
In addition, DGD does not affect the amplitude of RF power

ratio, thus the curves under different DGDs (0, 10, and 20-ps)
fall exactly on top of each other. In the monitoring window, a
dynamic range of more than 20 dB and average sensitivity of
0.1 dB/(ps/nm) can be achieved. The center wavelength of

FBG filter may shift from the original value under various envi-
ronment effects, which may induce RF power ratio changes and
CD measurement errors in monitoring scheme. Fig. 5(b) shows
the simulated RF clock power ratio change as a function of FBG
frequency detuning. CD values may affect RF power ratio fluc-
tuations due to FBG frequency detuning. However, RF clock
power ratio change is less than 1.6 dB when the frequency de-
tuning is in the range of GHz GHz. If the frequency de-
tuning is less than 1 GHz, the power ratio change is smaller than
0.9 dB. In proposed method, RF power ratio of two branches is
used to eliminate DGD effect. Once CD value is determined,
DGD value can be traced by RF clock power in the branch
without filtering. However, the absolute RF clock power is af-
fected by received optical power. Fluctuation of optical power
will induce DGD measurement errors.

V. CONCLUSION

We have demonstrated a PMD-insensitive CD monitoring
method based on RF clock tone power ratio measurement. Both
simulation and experiment show that the proposed method is
efficient for eliminating PMD effects on CD monitoring. The
measurement results are not affected by the optical power of re-
ceived signal. Compared with the method using RF clock power
as CD monitoring signal, better measurement sensitivity can be
achieved.
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